A new cocrystal based upon 2,2'-diamino-4,4'-bis(1,3-thiazole) and 4,4'-bipyridine has been synthesized and characterized. Self-assembly of this compound in the solid state is likely caused by both hydrogen boding and π-π stacking, and the network contains large vacant voids.
Introduction
Cocrystallization reactions provide helpful means for probing the importance and balance between different intermolecular interactions and, thus offer practical guidelines for developing new methodologies in supramolecular synthesis. The role of hydrogen bonding and π-π stacking for these purposes is well established [1, 2] . The present determination of the structure of a cocrystal from 4,4'-bipyridine (4, 4'-bipy) and 2,2'-diamino-4,4'-bis(1,3-thiazole) (DABTZ) (Scheme 1) provides a novel twodimensional polymer involving hydrogen bonding and π-π stacking interactions. Scheme 1. Formula drawing of compounds 1 and 2.
Results and Discussion
Attempts to isolate zinc(II), cadmium(II), and lead(II) complexes from a solution containing a mixture of 4,4'-bipyridine (4,4'-bipy) (1) and 2,2'-diamino-4,4'-bis(1,3-thiazole) (DABTZ) (2) were not successful and a new cocrystal structure [(4,4'-bipy) (DABTZ)], was isolated. This adduct is also produced 0932-0776 / 06 / 0200-0221 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com from solutions containing only the components of the cocrystals. Other adducts of this type of cocrystal, such as [(bpp) (DABTZ)] and [(bpe) (DABTZ)] (bpp = 1,3-di(4-pyridyl)propane and bpe = 1,2-bis(4-pyridyl)ethene), have recently been prepared in our lab and will reported in the future. The IR spectrum of the compound shows absorption bands resulting from the skeletal vibrations of aromatic rings in the 1400 -1600 cm −1 range. The absorption bands of the -NH 2 groups are observed as a strong band centered at 3075 and 3260 cm −1 and are significantly shifted to the lower frequency region, compared to the free ligand (3270 and 3430 cm −1 ). The relatively low frequency of the band is indicative of hydrogen bonding. The 1 H NMR spectrum of the DMSO solution of the compound displays four distinct absorption bands at δ = 6.75 (s, H), 7.15 (s, 2H), 7.90 (q, 2H), and 8.40 (q, 2H) ppm assigned to CH-thiazole, NH 2 , and the two different protons of 1, respectively. The 13 C NMR spectrum of the DMSO solution displays six distinct absorption bands at 102.63, 146.91, 168.71 ppm assigned to the aromatic carbons of 2 and 121.64, 144.81, 151.09 ppm assigned to the aromatic carbons of 1. There is no difference between the 1 H and 13 C NMR spectra of the cocrystal and those of the individual components and the spectra are independent on concentration. Single-crystal structure determination of the cocrystal [(4,4'-bipy) (DABTZ)] demonstrates that in the solid state the DABTZ moieties connect through dimeric self-complementary hydrogen bonds, as well as in a N-H···N hydrogen bond involving one proton of the amine moiety (the hydrogen-bond donor) and a heterocyclic nitrogen atom of DABTZ (the hydrogen-bond acceptor). The other amine proton acts as the hydrogen-bond donor with a heterocyclic nitrogen atom of 1 as the hydrogen-bond acceptor. Consequently the self-complementary hydrogen bonds system grows into a three-dimensional network by packing via the hydrogen-bonding interactions and the network contains large vacant voids (Fig. 2) . There are both face-to-face and edge-to-face π-π stacking [3 -4] interactions between aromatic rings belonging to two different ligands in this network. The thiazole groups of 2 are almost parallel and this parallel array of the planes of the aromatic moieties indicates that these interactions are of the face-to-face "π-stacking" type [4, 5] . The centroid-centroid distance of thiazole groups is 3.92Å and the angle between the ring normal and the centroid vectors is 14.99. There are also edge-to-face π-π stacking interactions between the components 1 and 2 and the slippage distance is 3.65Å.
Thus two factors, hydrogen bonding and π-π stacking, may control the packing of this cocrystal. The obvious question then is whether the hydrogen bonds have been formed to result in ligand stacking or whether it is the stacking interaction which has imposed a positioning of the donor atoms for forming hydrogen bonding. However, self-assembly of this compound is likely caused by both hydrogen bonding and π-π stacking.
The aromatic rings of 1 are not coplanar but the aromatic rings of coordinated 2 are coplanar, because the dihedral angle between the two rings within 1 is 39.5 • , whereas the dihedral angle between the two rings within 2 is only 1.0
• (Fig. 1 ).
An interesting point is that the new cocrystal was obtained from the mixture of 1 and 2 and metal ions such as Zn(II), Cd(II) and Pb(II). This shows that the stabilization of the cocrystal may be at least comparable with metal complexes with these ligands.
Experimental Section
General: IR spectra were recorded as Nujol mulls using Perkin-Elmer 597 and Nicolet 510P spectrophotometers. The microanalysis was carried out using a Heraeus CHN-O-Rapid analyzer. The Melting point was measured on an Electrothermal 9100 apparatus and is uncorrected. 1 H and 13 C NMR spectra were measured with a BRUKER DRX-500 AVANCE spectrometer at 500 and 125 MHz, respectively. 2,2'-Diamino-4,4'-bis(1,3-thiazole) was prepared from 1,4-dibromobutane-2,3-dione and thiourea by the method of Erlenmeyer andÜberwasser [6] . Diamino-4,4'-bis(1,3-thiazole) 4,4'-bipyridine, [(4,4'- 
2,2'-

bipy) (DABTZ)]
The compound was prepared by dissolving cadmium(II) acetate/zinc(II) acetate/lead(II) acetate (1 mmol) and sodium perchlorate (0.123 g, 1 mmol) in distilled water (10 ml) and adding an ethanolic solution of 2,2'-diamino-4,4'-bis(1,3-thiazole) (0.198 g, 1 mmol) and 4,4'-bipyridine (0.156 g, 1 mmol). The resulting solution was stirred for 2 h at room temperature and then allowed to stand for 10 d at room temperature (ca. 25 • C). Brown crystals of the desired product precipitated, which were filtered off, washed with acetone and ether and dried in air (dec. p. 
Supplementary material
Complete bond lengths and angles, co-ordinates and displacement parameters have been deposited at Cambridge Crystallography Data Centre. Supplementary data are available from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK on request, quoting the deposition number 274549.
